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SPECIFICATION AMENDMENTS 



On page 1, insert above line 1, insert— Priority Claim 

The present application claims priority on European Patent Application 030761 14.2 
filed 15 April 2003 - 

Paragraph on line 1 of page 1 has been am^ded as follows: 

— The invention is directed related to a reactor vessel for performing a steam 
reforming reaction starting from a natural gas feedstock. The invention is also dir e ct e d 
related to a process to prepare a mixture comprising carbon monoxide and hydrogen from a 
carbonaceous feed by performing a partial oxidation reaction and an endoth^tnic steam 
reforming reaction.-- 

Paragraph on line 6 of page 2 has been amended as follows: 

— A disadvantage of the known reactor vessel design is that fouling may occur 
at the exterior surface of the reactor tubes. This fouling will result in a less favourabl e 
favorable heat exchange betwem hot gas and the catalyst bed and in time result in a less 
efficient op^atioa Short run times will result due to frequent shutdowns in order to 
remove the dqxjsits. Fouling is especially a problem v/ben the hot effluent of a partial 
oxidation reaction is used. This efDuent is especially suited for providing the required heat 
on the one hand due to its high temperatures. However^ the soot present in this effluent will 
cause the above fouling problems and for this reason no commercial iq?plications directed 
to the combined process of steam reforming and partial oxidation such as described in BE - 
A - 33 4 5088 has b ee n d e v e lop e d according to our knowledge at tim e of filing .— 

Par^raph on line 1 1 of page 3 has been am^ided as follows: 

- The obj e ct of the pr e smt inventi en-is It would be useful to provide a reactor design 




for a convective steam reformer, vMch is suitable to make use of a hot gaseous medium, 
\^ch may cause fouling, as for example the effluait of a partial oxidation, as die heating 
medium. A further obj e ct is It would also be useful to provide a process for the prq)aration 
of a mixture of fa^'drogen and carbon monoxide by a process involving the combination of 
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partial oxidation and steam reforming wherein the problems r^arding fouling as described 
above are minimized.— 

Paragraph on line 22 of page 3, ending on line 4 of page 4, has been amended as follows: 
- This obj e ct is achieved with the following reactor. The invention provides a 
reactor R eaeter vessel for performing a steam reforming reaction comprising: 
a vessel inlet for natural gas and steam, 
a vessel inlet for a hot gaseous medium, 

a vessel outlet for a gaseous product comprising the steam reforming product, 

and 

a reactor space comprising ei a bed of steam reforming catalyst, \^ch reactor 
space inlet is fluidly connected to the inlet for natural gas and steam and at its outlet 
md fluidly connected with the outlet for the gaseous product, 
\^erein inside ftie catalyst bed a passageway is provided that is fluidly connected to 
the vessel inlet for tfie hot gaseous medium for passage of hot gaseous mixture 
counter currently to the flow of reactants in the catalyst bed.— 

Paragraph on line 5 of page 4 has been amended as follows: 

—The invention is also directed to further provides a process for the preparation 
of hydrogen and carbon monoxide containing gas from a carbonaceous feedstock by 
performing the folio v^ng steps: 

(a) partiai oxidation of partially ox idiTan g a rarhnnamniK feedjrfock thereby ohtaining 
a first gaseois mixture of hydrogen and caibon monoxide and 

(b) catalytic catalvticallv steam reforming a carbonaceous feedstock in a Convective 
Steam Reforms comprising a tubular reactor provided with one or more tubes 
containing a rrfomiing catalyst, wherein the requiied heat for tte steam reforming 
reaction is provided by convective heat exchange betwem tiie steam reformer reactor 
tubes and a passageway positioned within and along the axis of the tubular reactor tubes 
through whidi passageway the efiQumt of step (a) flows counter-current to the gasses in 
the steam reforms tubes.— 

On page 4, delete lines 22-24. 
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Paragraph on line 25, page 4 has been ammded as follows: 

—Figure 1 illustrates a possible an embodiment of the reactor according to the invration 
\^erein the catalyst bed is positioned al the shell side of a reactor vessel.— 

Paragraph on line 10 of page 5 has been amended as follows: 

- y^plicants found that by By passing the hot gas medium through an elongated 
passageway^ gas velocity conditions are achieved i^erein soot does not adhere to or ii^4ea5t 
adheres significantly less to^ the heat exchanging surface of the CSR convective steam 
reformer reactor as compared to the prior art designs. Preferably^the donned passageway 
is designed such that the gas will flow with a certain velocity wherein the gas has a se- 
called s df cleaning capacity. The gas velocity at design capacity is preferably above 10 m/s 
and more preferably above 30 m/s. A maximum gas velocity is preferably below 100 m/s 
and more preferably below 60 m/s. A further advantage is that if any fouling does occur, 
such deposits could easily be removed in a shut down by state of the art methods for 
deaning the int^or of conduits. Examples of cleaning mettods are pigging and 
hydrojetting.Further advantages of the above reactor and of its prefiared embodimrats will 
be described below.— 

Paragr£q)h on line 28 of page 5, ending on line 15 of page 6, has been amended as follows: 

— Figure 1 illustrates a reactor vessel (1 ) for performing a steam rdbrming 
reaction according to the presCTt invention. Vessel (1) is provided with a vessel inlet (2) for 
natural gas and steam, a vessel inlet (3) for a hot gaseous medium and a vessel outlet (4) for 
the gaseous steam reforming product Between an upper tube sheet (5) and a Iowct tube 
sheet (6) a reactor space (7) comprising of a bed (8) of steam reforming catalyst is preset 
Inside the catalyst bed (8) a plurality of passageways (9) are provided which start at tube 
sheet (5) and extend to a tube sheet (10) positioned below lower tube sheet (6). Through 
these passageways (9) the hot gaseous medium flows counter currently to the flow of 
reactants in the catalyst bed (8). The space below this tube sheet (10) defines a space (11) 
through "wtnch the cooled gaseous medium is collected and discharged via vessel outlet (12) 
from the vessel. Between lower tube sheet (6) and tube sheet (10) a space (13) is provided 
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wherein the natural gas and steam can be distributed and fed to the catalyst bed (8) via 
opfflings (15) in tube sheet (6). — 



Paragr^h on line 16 of page 6 has been amended as follows: 

— Preferably^the passageways (9) are fixed in die Iowct tube sheets (6) and are 
allowed to move relative to tube sheet (5) and (10). This will avoid thermal stress at start-up 
and shut down operations. The opmings may be filled with a flexible seal, for example 
ceramic fibre -fibCT, or can be left open as for example illustrated in die aforemaitioned EP- 
A-983964, ITie upper end of the passageways (9) is suitably protected by a heat resistant 
material, for example a ceraimc.— 

Paragraph on line 25 of pag^ 6, aiding on line 3 of page 7, has been amaided as follows: 

— Figure 2 illustrates a preferred reactor vessel (20) for performing a steam 
reforming reaction according to the presmt invention. The reactor space is defined by one 
or more parallel positioned reactor tubes (21) filled with a bed (22) of steam reforming 
catalyst. Through this elon^ted bed of catalyst one or more passageway(s) (23) for hot gas 
is provided parallel to die axis of the reactor tube (21). This passageway or conduit (23) 
allows d^ hot gas medium to exdiange its heat by indirect heat exchange throug}i tte wall 
(24) of die conduit (23) with die counter currmdy flowing gaseous stream present in the 
catalyst bed (22), « 

Paragr£q>h on line 4 of page 7 has been amaided as follows: 

—The passagewsr^ (23) may have a circular cross-section or a non-drcular 
cross-section sudi as exemplified in WO-A-0137982. The diameta^ of a circular 
passageway (23) is preferably betweoi 10 mm and 60 mm, more preferably betweai 20 
mm and 55 mm. The dimensions of a non-drcular passageway (23) will be such that the 
same CToss-secdonal area results. The inn^ distance betweai the outer wall of passageway 
(23) and the inner wall of reactor tube (21) is preferably betweai 20 mm and ISO mm. 
Preferably this distance is at least six times the size of the catalyst particles vAdch occiq>y 
this space.— 
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Paragraph on line 21 of page 7, emhng on line 2 of page 8 has been amaided as follows: 
—Figure 2 further shows a vessel inlet (26) for natural gas and steam, a vessel 
inlet for a hot gaseous medium (27) and a vessel outlet (28) for a mixture of the gaseous 
product comprising the steam reforming product and the hot gaseous medium. Figure 2 
also illustrate a tube sheet (29), defining a space (30), ^\iiich fluidly connects the vessel 
outlet (28) with the outlet of the passageways (23) extending fi^om said tube sheet (29). 
Also^ a tube sheet (3 1) is preset below said tube sheet (29)3^defining a space (32), which 
fluidly connects the vessel inlet (26) with the inlet of the reactor tubes (21) filled witii 
catalyst bed (22). The reactor tubes (21) will extend firom this tube sheet (31) downwards. 
The passagew^s (23) will pass this tube sheet up to the upper tube sheet (29) as shown.— 

Paragr^h on line 3 of page 8 has been ammded as follows: 

— In die reactor as shown^ kt part or all of the product gas of the steam 
reforming reaction is also passed through the elongated passageways. This is advantageous 
^en tl^ hot gaseous mixture is the effluent of ^ a partial oxidation reaction preferably 
having a steam to carbon ratio of less than 0.5. By combining these streams, the steam to 
carbon ratio of the resulting mixture flowing in the passageways (23) will be higher, bbA 
thereby minimizing metal dusting corrosion within the passageways (23).— 

Paragraph on line 13 of pa^ 8 has been amended as follows: 

—Preferably, the lower aid of the reactor tube (21) is designed sudi that 
immediate and intimate mixing of the steam refomier product, v^di is disdiarged from the 
catalyst bed (22), and the hot gaseous modum medium takes place. Figure 2a shows sudi a 
preferred embodimait wh^ein tube (21) and passageway (23) extend somewhat fiirther 
tfian catalyst bed (22). In this extension, openings (29) are pres^ in wall (24) sudi that a 
substantial amount of the gaseous effluait fi-om die catalyst bed (22) can mter the 
pass^eway (23) as is indicated with arrow (29') without being first flitted into the lower 
end of vessel (20).— 

Paragr£q)h on line 25 of page 8, mding on line 14 of pa^ 9, has been ammded as follows: 

— Figure 2b shows the upper mi of vessel (20) of Figure 2 in more detail. Also 
shown are th e The fl ow directions of the gasses arediown with the arrows. A problem An 
aspect associated with the design shown in Figure 2b is catalyst removal. Between tube 
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sheet (29) and tube sheet (31) a small volume is presrat for operators to remove catalysts 
from the catalyst bed (22). The design shown in Figure 2c provides a solution to this 
problem an improvemmt to this aspect . Figure 2c shows tfie same reactor vessel (20) as in 
Figure 2 except that tiie reactor tube (21) extends together with the passageway (23) to the 
upper tube sheet (29), \^le the upper level of the catalyst bed (22) extends only to tube 
sheet (31). In the part of the wall of the reactor tube (21) between tube sheets (31) and (29) 
an opening (26') is present through which^ in use, gas can enter as showrL In use^ the reactor 
tube will be fixed in tiie upper tube sheet (29) by means of cap (26") (situation a). By 
rCTioving the top of vessel (20) the individual reactor tubes/passageways can be removed 
from Ae vessd by removing cap (26") (situation b) and lifting the reactor tube/passagew^ 
combination (situation c). Catalyst can may then be easily added, removed or refreshed 
external the reactor vessel (20). 

Paragrsq>h on line 4 of page 10 has been an^ded as follows: 

— The outlet opening (35) of the reactor tubes (21 ) comprising the catalyst bed 
(22) are positioned just above said tube sheet (32). The steam reforming product being 
discharged from said opsiing (35) will ent^ space (36) defined as the space between tube 
sheets (40) and (32). This space (36) fluidly connects the vessel ouflet (39) for the steam 
reforming product with flie opmings (35). The space (36) may suitably be provided with 
flow directing baffles whidi will direct the flow of steam reforming product in a zig zag 
flow througli said space thereby optimising optimizing the contact of the hot steam reformer 
product gas and the external surface of tte reactor tubes (21) pres^ in said space. In use 
part of the steam reforming product bdng discharged from op^iings (35) will leave the 
reactor vessel via outlet (39) and part will leave space (36) via op^ngs (34) to space (33) 
by operating the reactor sudi that the pressure in space (36) is higher than the pressure in 
space (33). In use^ preferably from 0 wt% to 60 wt% and more preferably from 0 wt% to 40 
wt% of the steam reformer product, as being discharged from openings (35), may enter 
space (33) to be mixed with the hot gaseous medium. This is advantageous because the 
steam to carbon ratio of the gases flowing in the passageways (23) can be increased thereby 
limiting metal dusting within the passageways (23).— 

Paragraph on line 8 of page 1 1 has hem amended as follows: 
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— As in Figure 1^ the reactor of Figure 3 yields two product streams. This is 
advantageous ^\4ien the hot gaseous medium is the product of a partial oxidation reaction, 
which has a diffa^ent hydrogen to carbon monoxide molar ratio than the Mq/GQ hydrosCTi to 

carbon monoxide molar ratio of the steam reformer product This allows mixing the The 
two streams may be mixed later on to a specified and desired M^/GO hydrogen to caibon 

monoxide ratio. It further allows to obtain Additionallv. hydro^n may be obtained from the 
stream containing the most hydrogen in a hig|i effidency. Hydrogen may preferably be 
sq^arated from such a stream by^ for ^cample^ membrane separation followed by a pressure 
swing absorber step. This is advantageous if the synthesis gas mixture and Iq^drogen gasses 
are both required in downstream diemical synthesis processes, for example a Fisdier- 
Tropsdi process, uiierdn synthesis gas is required for the Fischer-Tropsdi synthesis 
reaction and hydrogen is needed for the various hvdroisomorisotion h ydroisomerization 
/hydrocracking and hydrodewaxing units which convert the FT synthesis product to for 
example middle distillates and base oils.— 

Paragraph on line 28 of page 1 1 has been amended as foUows: 

— It will be evident that the reactor as ^own in Figures 1-3 can also be designed 
i^-side dewB in an invoted f^hion and that the variations in tube sheet lay out and 
corresponding gas inlet and outlet configurations as illustrated are interchangeable between 
Figures 2 and 3.— 

Paragr£q>h on line 1 of page 12 has been ammded as follows: 

— On the interior wall of the passageways (23)^ as illustrated in Figures 1-3^ md 
which are in contact with ttie efBuait of the partial oxidation reaction, carbon may form 
because part of the carbon monoxide reacts to carbon and carbon dioxide. Aso metal Metal 
dusting corrosion may also occur. Furtfaenmre part of tfie surface m^ erode, whidi m^ 
r e sulting evmtually result in an unacceptaM e Hinacceptablv l ow medianical integrity of the 
passageway tubes. These effects are especially significant when the steam to carbon ratio in 
the hot gas is below 1, more especially below 0.5. Such gas compositions may occur in the 
above-desoibed embodimCTts, especially when the partial oxidation of a gaseous 
hydrocarbon feed is pofbrmed in the absmce of added steam and/or wiien the feed to the 
steam reforming step has a low steam to carbon ratio. — 
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Paragraph on line 16 of page 12 has been am^ded as foUows: 

— In order further to furthCT minimize minimis e the above-described coke 
formation^ a prefered material for the passageway is suitably used. The passageway (23), 
suitably in the form of a tube, is preferably made from a metal alloy, wherein the metal 
alloy comprises from 0 wt% and up to 20 wt% and preferably from 0 wt% up to 7 wt% iron. 
The alloy preferably also contains betwem 0 wt% and 5 wt% aluminium aluminum, 
preferably from 0 wt% up to 5 wt% silicon, preferably from 20 wt% up to 50 wt% 
diromium and preferably at least 35 wt% nickel. Preferably^ the nickel content balances ttie 
total to 100% - 

Paragraph on line 29 of page 12, ending on line 12 of page 13 has been ammded as follows: 

— It has been found beneficial to have at least some aluminium and/or silicon in 
the metal alloy surface when the concentration of steam in the hot gaseous medium within 
the passageway (23) is lower than 50 vol%, preferably lower than 30 vol% and more 
preferably lower than 1 5 vol%. Preferably from 1 wt% up to 5 wt% aluminium aluminum 
and/or from 1 wt% up to 5 wt% silicon is presmt in said metal alloy under such low steam 
content conditions. The resulting aluminium oxide and/or silicon oxide layers will provide 
an improved protection against coke formation and ^sion v/hm the conditions become 
more reducing at sudi low steam concentrations. Exaiiq>les of suitable metals are Inconel 
693 containing according to its producer Special Metals Corp (USA), typically comprising 
60.5 wt% Ni, 29 wt% Cr and 3. 1 wt% Al and the Nicrofer 6025H/6025HT aUoys 
602/602CA as obtainable from Krupp VDM GmbH (DE).- 

Paragraph on line 13 of page 13 has hem amended as follows: 

— The invaition is also dir e ct e d to also provides a process for the prq)aration 
of hydrogen and carbon monoxide containing gas from a carbonaceous feedstock by 
performing the following steps: 

(a) partial oxidation partially oxidizing of a carbonaceous feedstodc th^d>y obtaining 
a first gaseous mixture of hydrogen and carbon monoxide and 

(b) catalytic catalvtically s team reforming a carbonaceous feedstock in a Convecti ve 
Steam Reformer comprising a tubular reactor provided wiAi one or more tubes containing a 
reforming catalj^t, wh^ein the required heat for the steam reforming reaction is provided by 
convective heat exchange betwem the steam reformer reactor tubes and a passageway 
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positioned within and parallel to the axis of the tubular reactor tube througji whidi pa^ageway 
the effluCTt of step (a) flows counta'-cument to the gasses in the steam lefoimra* tubes.-* 

Paragraph on line 30 of page 13, siding on line 6 of page 14 has been amended as follows: 

—An advantage of the above process is that due to the fact that the efiQuoit of step 
(a) is passed througli wdl defined passages through the catalyst bed, less fouling on the heat 
exchanging surfaces of said passagew^ will occur. A further advantage is that the t^/€Q 

hydrog^ to carbon monoxide molar ratio' s ratios of the combined synthesis products of 
step (a) and (b) ean may be fi'om 1.5 iq) to 3 aiKl even preferably from 1.9 up to 2.3 making the 
synthesis gas product suitable for various ^iplications as will be discussed here below.— 

Paragraph on line 7 of page 14 has hem amended as follows: 

— The carbonaceous feedstock in st^ (a) is pref^ably a gaseous hydrocarbon, 
suitably methane, natural gas, associated gas or a mixture of Cj^ hydrocarbons. Exanq)les of 

gaseous I^rdrocarboiKS are natural gas, refinery gas, associated gas or (coal bed) methane and 
the like. Hie gaseous hydrocarb ^is hydrocarbon suitably comprises mainly, i.e. more than 90 
v/v%, especially more than 94%, C1-4 hydrocarbons[[,]]^ especially comprises at least 

60 v/v p^cent methane, pref^ably at least 75 percmt, more prefo-ably 90 percCTt Preferably, 
natural gas or associated gas is used. Preferably any sui^phiffsulfiu: in the feedstock is 
rCTioved.— 

Paragraph on line 19 of page 14 has hem ammded as folloii^: 

—Prefa-ably^the carbonaceous feed in both steps (a) and (b) is a gaseous feed as 
described above. In sudi a prefOTed embodiment fi'om 10 wt% to 90 wt%, more pref^-ably 
fi'om 20 wt% to 50 wt%, of the total gaseous feed to steps (a) and (b) is fed to step (b).— 

Paragraph on line 24 of page 14 has hem am^ded as follows: 

— In step (a) the partial oxidation m^ be performed according to well known 
principles as for sample described for the Shell Gasification Process in the Oil and Gas 
Journal, September 6, 1971, pp 85-90. Publications describing examples of partial oxidation 
processes are EP-A-291 111, WO-A-9722547, WO-A-9639354 and WO-A-9603345. In 
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sudi processes^ the feed is contacted with an oxygen containing gas under partial oxidation 
conditions^ preferably in the absence of a catalyst.— 

Paragraph on line 10 of page 15 has been amwded as follows: 

~ Contacting the feed with the oxygen containing gas in step (a) is preferably 
performed in a burner placed in a reactor vessel. To adjust the Mq/QO hvdrogCT to carbon 

monoxide ratio in the gaseous product obtained in the partial oxidation reaction in step (a), 
carbon dioxide and/or steam may be introduced into the feed. Preferably^ up to 15% volume 
based on the amount of gaseous product, preferably up to 8% volume, more preferably^ up 
to 4% volume, of either carbon dioxide or steam is added to the feed. As a suitable steam 
source, water produced in an optional downstream hydrocarbon synthesis may be used.— 

Parogjraph on line 21 of page 15 has been ammded as follows: 

—The gaseous product of the partial oxidation reaction in step (a) preferably has a 
tempersime ofb&tween 1 100 ^ and 1500 "^C and €Bi4^/€0 a hvdrogen to carbon 

monoxide molar ratio of from 1 .5 up to 2.6, prefo^ly from 1 .6 up to 2.2.— 

Paragraph on line 25 of page 15, ending on line 18 of page 16 has been ammded as follows: 

— St^ (b) may be performed by well-known steam reforming processes, 
herein steam and the gaseous hydrocaibon feed are contacted with a suitable reforming 
catalyst in a GSR convective steam reformer reactor. The catalyst and process conditions as 
applied in the steam reformer reactor tubes may be those known by the skilled person in Ifae 
field of steam reforming. Suitable catalysts comprise nickel optionally appUed on a carrier, 
fro for example alumina The space velocity of the gaseous feed is prefi^ably from 700 to 
1000 liter (S.T.P.)^ifee liter catalyst/hour, v^^ein S.T.P. means Standard Tenq>erature 
of 15 and pressure of 1 bar abs. The steam to carbon (as hydrocarbon and carbon 
monoxide €0) molar ratio is preferably from 0 up to 2.5 and more preferably below 1 and 
most preferably from 0.5 up to 0.9. If sudi low steam to carbon ratio' s ratios are applied in 
step (b) the catalyst pref<9^1y comprises a Group Vni metal. More preferably^ the catalyst 
comprises (a) an oxidic support mat^al and (b) a coating con^)rising between about 0.1 
wt% and about 7.0 wt% of at least one of the metals of the group consisting of Pt, Ni, Pd 
and Co, preferably platinum; said support material comprising: (i) at least 80 wt% of Zt02 
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wdiich has he&i calcined at a traapCTature up to about 670 X before the application of said 
coating; (ii) 0.5-10 mol% of at least one oxide selected from the group consisting of Y, La, 
Al, Ca, Ce and Si, preferably La203. Examples of sudi catalysts are^ for example^ the 

catalyst described in EP-A-695279. Preferably^ the feed also comprises an amount of GO2 

carbon dioxide, wh^ein preferably the GO2 carbon dioxide ov^ carbon (as hydrocarbon 

and €0 carbon monoxide) molar ratio is from 0.5 up to 2. The product gas of step (b) 
preferably has a tempwature of from 600 fC up to 1000 and a Mg/GQ hydrogen to 

carbon monoxide molar ratio of from 0.5 up to 2.5. — 

Paragraph on line 24 of page 16 has bem ammded as follows: 

—The temperature of flie hydrogen and carbon monoxide containing gas is 
preferably reduced in step (b) from a temperature of from 1000 X up to 1500 °C to a 
temperature from 300 2C up to 750 **C. The tempa:ature of the metal wall surfaces of the 
passageway in step (b) is preferably maintained bdow 1 lOO^C— 

Paragraph on line 30 of page 16, ending on line 3 of page 17 has hem amended as follows: 

—The mixture of carbon monoxide and hydrogen (steam reformer product) as 
obtained in step (b) may be directly combined with the product gas as obtained in step (a). 
This may be adiieved within the reactor as exemplified in Figures 1 and 3. Altematively^ the 
product gas as obtained in steps (a) and (b) may be obtained as separate streams and 
optionally combined in any desired ratio.^^ 

Paragr^h on line 4 of page 17 has been amended as follows: 

— In a prefOTred embodimrait, the steam reforming product as obtained in step 
(b) is fed to step (a). The invention is also directed to encompass below process 
embodiments wherein a convective steam reactor is used wdiich has separate outlets for the 
steam reactor product and the cooled efiQurat of step (a). An advantage of mixing the steam 
reformer product of step (b) with the feed to step (a) or, more preferably, directly into the 
reactor of step (a) is that any methane or higher gaseous hydrocarbon, whidi may still be 
presOTt in the steam reformer product, is then fiirther converted to hydrogen and carbon 
monoxide. This is especially advantageous wiien the steam reforming step (b) is performed 
on a feed having a steam to carbon ratio of less than 1, especially betweoi 0.5 and 0.9. 
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Operating the process with a lower steam to carbon ratio in the feed to step (b) is 
advantageous because the resulting synthesis gas product will tfiai also contain less steam 
and because smaller reactor equipmsit may be applied. A disadvantage of operating step (b) 
at a low steam to carbon ratio is that more unconverted methane will be present in the steam 
reformer product By routing the steam reforma^ product to stq> (a) this disadvantage is 
overcome.— 

Paragr^h on line 27 of page 17, ending on Une 3 of page 18 has been amended as follows: 

— Optionally the combined streams of step (a) and (b) are subjected to an 
autothermal reformer step (c) at the elevated tCTfiperatures of step (a) in order to convert the 
gaseous mixture obtained in step (a) to a mixture having a Hq/GQ hydrogen to carbon 

monoxide molar ratio closer to the desired thermal equilibrium MqJGQ hydrogen to carbon 

monoxide molar ratio values valid for said operating temperatures. The combined mixture, 
optionally after performing step (c), is passed via the passageways to provide the required 
reaction heat for p^orming step (b) to yield tte synthesis gas end product— 

Paragraph on line 4 of page 1 8 has been amended as follows: 

— The above embodimmt is illustrated in Figure 4. Figure 4 shows the reactor vessel 
(44) of Figure 3. For clarity reasons^ no internals of vessel (44) are shown in Figure 4. Also 
shown is a partial oxidation reactor (SI) provided with a bumer (52). A carbonaceous feed 
(SO) and an o?Q^gen containing gas (SO') is supplied to bum^ (S2). Also ^own is that the 
product gas (55) of step (b) is fed to the upper half of die reactor vessel (SI).— 

Paragraph on line 13 of page 1 8 has hem amaided as follows: 

— Preferably^ the steam reforms product (SS) is fed close, i.e. in the upper half 
of vessel (SI), to the bumer (S2) in order to benefit the most of the resultant elevated 
temperatures of fi-om 800 up to lOSO preset in that region of the vessel (SI) ambling 
conversion of methane which may be present in product (SS). The methane contCTt in steam 
reformer product (SS) m^ be between 5 mol% and 30 mol% carbon relative to the carbon 
as hydrocarbon in the feed to step (b), (43). This relatively higji methane contmt is-a 
re sultan t results when opa'ating step (b) at relatively lower temperatures and/or at relatively 
low steam to carbon ratio as described before. Low temperatures in step (b) are suitably 
betweei 700 fC and 800 ""C as measured on steam reformer product (SS) as it leaves the 
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reactor (44). A low tempa'ature is desirable for material strragth reasons for the internals 
used in reactor (44).— 

Paragraph on line 30 of page 18, aiding on line 15 of page 19 has been amended as follows: 

— Anodier embodiment which aims at operating step (b) sudi tfiat the 
tempa-ature of the reactor (44) internals is kept at acceptable levels is by allowing on the 
one hand a higher outlet tempCTature for steam reformo- product (55) and on the other hand 
reducing the temperature of (56). TTiis is achieved by mixing steam reformer product (55) 
with the gaseous product of the partial oxidation reaction at a position spaced away from the 
bumer (52), such that no significant conversion of mettiane presait in steam reformer 
product (55) will take place when mixing these two streams. Preferably, mixing is 
performed in the lower part of reactor vessel (51 ). Due to mixing of the product of the 
partial oxidation reaction having a tempa'ature of betweai 1 100 ^ and 1500 and steam 
reforms product (55) having a considerable lower tanperature a temperature reduction 
relative to the temperature of the product of tfie partial oxidation reaction of betweai 250 ^ 
and 500 X will result. - 

Paragr2q)h on line 16 of page 19 has been amaided as follows: 

— Because the outlet tempetBture of steam reformo* product (55) is suitably higher 
than in the above described anbodiment, stream steam reformer product (55) will have a 
relatively lower methane contait, suitably betweai 1 mol% and 10 mol% carbon and 
pref^ably between 2 mol% and 5 mol% carbon relative to the carbon as Iq^drocarbon in the 
feed to step (b), (43). This methane is preferably converted in a step (c) in wdiichalse a 
tanperature reduction is also adiieved of suitably betweai 20 X and 70 X and preferably 
betweai 40 ^ and 60 ^C. Stream (56) as obtained in stq) (c) and having a reduced methane 
contmt prefCTably has a temp&nture of betweai 950 ^ and 1 100 X and more prefa-ably a 
taiq>eratureb^weai980fC and 1050 X. The methane conversion in step (c) is suitably 
betweai 10 wrt^ and 50 wt%.- 



Paragraph on line 10 of page 20 has been amended as follows: 

— The synthesis gas (63) as obtained by flie above process may advantageously be 
used as feedstock for a Fisdia'-Tropsch synthesis process, methanol syntiiesis process, a di- 
methyl ether synthesis process, an acetic add synthesis process, ammonia synthesis process or 
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to otfaa* proc^ses which use a synthesis gas mixtuie as feed sudi as for example processes 
involving caibonylation and hydroformylation reactions. To steps (a) and (b) piefeably 
recycle gases are fed, TTiese recycle gasses are obtained in, for example^ the above 
ex»iq)lified[[,]] processes whidi use the synthesis gas as prepared by the process according to 
the inventioa These recycle gasses may comprise C1.5 hydrocarbons^ preferably 

C]^ hydrocarbons, more prefa:ably C].3 hydrocarbons. These Iq^drocarfoons, or mixtures 
thereof, are gaseous at tenq)eratures of 5-30 X (1 bar), especially at 20 ""C (1 bar). Furth^, 
oxyg^iated compounds, e.g. methanol, dimethyletha', ac^c acid be pressit— 

Paragr^h on line 28 of pa^ 20, mding on line 1 1 of page 21 has been ammded as follows: 

—The invention is especially directed to the above process for tiie prq)aration of 
hydrogen and carbon monoxide containing gas (synthesis gas), wdimin additional steps (d) (e) 
and (f) are also performed. In st^ (d) the synthesis gas is catalytically converted using a 
Fisdi^-Tropsdi catalyst into a hydrocarbons comprising stream. In stq> (e) the hydrocarbons 
oonq>risiiig stream of step (d) is sqiaiHted into a hydrocarbon product and a gaseous recycle 
stream. Suitably the hydrocarbon product ar e thos e comprises hydrocarbons having 5 or more 
carbon atoms, prefi^ably having 4 or more carbon atoms and more preferably having 3 or 
more carbon atoms. The gaseous recycle stream may comprise normally gaseous hydrocarbons 
produced in the synthesis process, nitrog^ unconvaled methane and other feedstodc 
hydrocarbons, unconverted carbon monoxide, carbon dioxide, hydrogm and water- 
Paragraph on line 20 of page 21 has been ammded as follows: 

— Step (d) and (e) may be p^ormed by the well known Fisdier-Tropsch 
processes whidi are for example the Sasol process and the Shell Middle Distillate Process. 
Examples of suitable catalysts are based on iron and cobalt. Typical reactor configurations 
include slurry reactors and tubular reactors. These and oth^ processes are for example 
desoibed in more detail in EP- A-776959, EP-A-668342, U S A 19^3672 US Pat No. 
4943672. US A 5059299 U S Pat No. 5059299, WO-A-9934917 and WO-A-9920720,allof 
which are herein incorporated by reference .— 

Paragraph on line 29 of page 21, mding on line 4 of page 22 has hem amended as follows: 

~ Figure 5 illustrates the configuration of Figure 4 in combination with a 
Fischer-Tropsch synthesis process unit (64) and its downstream hydroconversion 



16 



TS1327US 
JDA:BAF 

unit(s) (66). In addition to Figure 4, Figure 5 shows how the synthesis gas (63) is fed to 
Fischer-Tropsdi synthesis process unit (64). In unit (64) a gaseous recycle stream (54) is 
separated from the hydrocarbon product (65) and recycled to partial oxidation reactor 
(51)." 

Paragraph on line 5 of page 22 has be^ ammded as follows: 

— Also shown is how part (60) of tfie steam reformer product (55) having a 
relatively high hydrogen over CO to carbon monoxide molar ratio is fed to a hydrogen 
recovery unit (61) to obtain hydrogen (62) suitably for use in hydroprocessing umt(s) (66).— 

Paragraph on line 10 of page 22 has heexx amended as follows: 

— The molar tqrdro^i to GO carbon monoxide ratio in steam reformer product 
(55) is hi^er than 2, preferably hi^er itat than 3 and typically not greater than 6. The 
hydrogen recov^ unit (61) may be well known membrane separation units, pressure swing 
absorbs (PSA) or combinations of a membrane unit and a PSA- 
Paragraph on line 16 of page 22 has been ammded as follows: 

— In the hydroprocessing units^the hydrocarbon product present in (65), 
comprising typically a relativdy large portion of compounds boiling above 370 X, is 
conv^ted by wdl-known hydrocracking and hydroisomgrisation faydroisomerization processes 
to middle distillates. Any rmiaining residue may be further conv^ted to base oils by catalytic 
dewaxing processes (not shown), ^^ch also require hydro^n. Examples of sudi downstream 
l^droprocessing units are desoibed in for example WO-A-0107538, WO-02070631, WO- 
02070629 and WO-0207062 7, wiiidi are hqein incorporated bv refanmce, and in the 
references cited in these publications.— 

Paragraph on line 27 of page 22 has been amended as follows: 

— The following examples will illustrate how the reactor according the invention 
may be used in a process to make a mixture of carbon monoxide and hydrog^ The values 
presfflted are calculated value s. These will come dose to the actual values because use has 
been made of well known thermodynamic relations known to the skilled person in the field of 
^sification and steam reforming.— 
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